**Research Highlights**

(1)Because there have been no previous controlled comparisons, in this study, to provide objective and convincing results, brain activation was compared under heroin cue exposure, heroin cue exposure plus acupuncture at the *Zusanli* point (ST36) without twirling of the needle, and heroin cue exposure plus acupuncture at the *Zusanli* point with twirling of the needle.(2)Heroin cues exposure activated craving-related brain regions such as the frontal lobe, which have been associated with reward, learning and memory, cognition, and emotion.(3)Because acupuncture at the *Zusanli* point with twirling of the needle rapidly suppressed the activation of the craving-related brain regions, it may be a viable intervention for drug craving.

**Abbreviation** fMRI: functional MRI

INTRODUCTION {#sec1-1}
============

In the present study, we sought to understand whether drug addicts and non-addicts exhibit the same heroin craving during environmental cue exposure, whether the distribution of activated brain regions is related to craving during such exposure, and whether acupuncture influences this brain activation in drug addicts. We examined these processes by investigating the influence of acupuncture on the brain activation of heroin addicts during environmental cue exposure, in a broader attempt to provide a basis for craving suppression. Environmental cues can activate brain regions associated with learning and memory and reward in heroin addicts, and functional MRI (fMRI) can reveal these craving-related brain regions\[[@ref1]\]. However, the influence of acupuncture on cue-elicited brain activation in heroin addicts remains unclear. Previous studies have found that heroin cue exposure may induce the activation of craving-related brain regions, which are involved in reward, learning and memory, cognition and emotion. Moreover, acupuncture at the *Zusanli* point (ST36) can rapidly suppress activity in these craving-related brain regions. However, these experimental results are limited by small sample sizes, lack of comparisons with subjects not addicted to heroin, and the two-dimensional images often provided by brain fMRI. As such, previous studies have not convincingly demonstrated that acupuncture is an effective intervention for craving.

Current research methods to study the influence of acupuncture on cue-elicited brain activation include: (1) comparisons of brain fMRI between heroin addicted and control subjects during heroin cue exposure, (2) comparisons of right-left, anterior-posterior, and inferior-superior shift values among the Brodmann areas activated by heroin cue exposure, and (3) three-dimensional enhancement of brain fMRI detection results.

In this study, we aimed to understand the influence of heroin cue exposure on brain activation in heroin addicted and control subjects, investigate acupuncture at the *Zusanli* point as an intervention for heroin craving, and determine the neurobiological mechanisms by which acupuncture reduces heroin craving.

RESULTS {#sec1-2}
=======

Quantitative analysis of participants {#sec2-1}
-------------------------------------

Twelve heroin addicts were included in the heroin addicts group, and another 12 male adults with no opioid or other psychoactive drug dependence were included in the control group. The two groups were well matched in terms of age and gender ([Table 1](#T1){ref-type="table"}).

###### 

Baseline characteristics of the participants in the two groups

![](NRR-7-2607-g001)

One subject in the heroin addicts group was excluded because his head motion range exceeded 2 mm or 2° during the fMRI scanning ([Figure 1](#F1){ref-type="fig"}). The experimental data in the remaining 23 participants were included in the analyses, including 11 subjects in the heroin addicts group and 12 subjects in the control group.

![Adjusted parametric curve of head movement during the functional MRI scanning (\> 2 mm).\
X-axis: Serial number of the blood oxygenation level dependent images; Y-axis: head motion (mm) and angle (°); ΔA-P: anterior-posterior movement; ΔR-L: right-left movement; ΔI-S: inferior- superior movement; Yaw: rotation along Y-axis; Pitch: rotation along X-axis; Roll: rotation along Z-axis.](NRR-7-2607-g002){#F1}

Comparison of brain activation induced by heroin cues {#sec2-2}
-----------------------------------------------------

In the heroin addicts group, heroin cue exposure activated on average 26 brain regions, which were mainly located in the frontal lobe, parietal lobe, temporal lobe, insula, callosal gyrus, and cerebella ([Table 2](#T2){ref-type="table"}). In contrast, in the control group, heroin cue exposure activated 5 brain regions, mainly at the gyri centrales and insula ([Table 3](#T3){ref-type="table"}). This is evidence that heroin cue exposure can activate more and a wider distribution of brain regions in the heroin addicts group than that in the control group (Figures [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}). The activated brain regions were the frontal lobe (left medial frontal gyrus, left and right midfrontal gyrus, left and right paracentral lobule, right medial frontal gyrus), left precuneus, temporal lobe (left and right superior temporal gyrus, left and right middle temporal gyrus), parietal lobe (right postcentral gyrus, right supramarginal gyrus), limbic lobe (left cingulate, left and right posterior cingulate), left and right insular lobe, left and right lenticular nucleus, and the cerebellum (semilunar lobule in left cerebellum, left cauda cerebelli). These regions are all related to the cue-induced craving.

###### 

Activated brain regions in the heroin addicts group during heroin cue exposure

![](NRR-7-2607-g003)

###### 

Activated brain regions in the control group during heroin cue exposure

![](NRR-7-2607-g004)

![Brain activation profile in the control group during heroin cue exposure.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, the bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image. The color coding key is presented in the top right area, with the T value increasing as the color changes from blue to red.](NRR-7-2607-g005){#F2}

![Brain activation profile in the heroin addicts group during heroin cue exposure.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, the bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image.](NRR-7-2607-g006){#F3}

Comparison of brain activation during heroin cue exposure plus acupuncture at the *Zusanli* point without twirling {#sec2-3}
------------------------------------------------------------------------------------------------------------------

In the heroin addicts group, under heroin cue exposure and acupuncture at the *Zusanli* point without twirling of the needle, there were 27 activated brain regions on average. These areas were mainly located in the frontal lobe, parietal lobe, temporal lobe, callosal gyrus, insula, and cerebella ([Figure 4](#F4){ref-type="fig"}, [Table 4](#T4){ref-type="table"}).

![Brain activation profile in the heroin addicts group during heroin cue exposure and acupuncture at the **Zusanli** point (ST36) without twirling of the needle.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, the bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image.](NRR-7-2607-g007){#F4}

###### 

Activated brain regions of the heroin addicts group under heroin cue exposure plus acupuncture at Zusanli (ST36) (non-twirling)

![](NRR-7-2607-g008)

In the control group, under the same conditions, there were seven activated brain regions on average, mainly located at the gyri centrales, parietal lobe, insula callosal, right cingulate gyrus, and cerebella ([Table 5](#T5){ref-type="table"}, [Figure 5](#F5){ref-type="fig"}). These experimental findings indicate that heroin cue exposure and acupuncture at the *Zusanli* point without twirling of the needle did not significantly affect the range of brain activation as compared with heroin cue exposure alone, but significantly changed the extent of the activation in the heroin addicts group.

###### 

Activated brain regions in the control group during heroin cue exposure and acupuncture at the *Zusanli* point (ST36) without twirling of the needle

![](NRR-7-2607-g009)

![Brain activation profile in the control group during heroin cue exposure and acupuncture at the **Zusanli** point (ST36) without twirling of the needle.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, the bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image. The color coding key is presented in the top right area, with the *T* value increasing as the color changes from blue to red.](NRR-7-2607-g010){#F5}

Comparison of brain activation during heroin cue exposure plus acupuncture at the *Zusanli* point with twirling of the needle {#sec2-4}
-----------------------------------------------------------------------------------------------------------------------------

In the heroin addicts group, under heroin cue exposure and acupuncture at the *Zusanli* point with twirling of the needle, there were 12 activated brain regions on average, mainly distributed to the occipital lobe, cuneate lobe, lingual gyrus, and cerebella ([Table 6](#T6){ref-type="table"}). In the control group, under heroin cue exposure and acupuncture at the *Zusanli* point with twirling of the needle, there were eight activated brain regions on average, mainly distributed to the left middle frontal gyrus, right precuneus, left middle occipital gyrus, right thalamus, and cerebellum ([Table 7](#T7){ref-type="table"}).

###### 

Activated brain regions in the heroin addicts group during heroin cue exposure and acupuncture at the *Zusanli* point (ST36) with twirling of the needle

![](NRR-7-2607-g011)

###### 

Activated brain regions in the control group during heroin cue exposure and acupuncture at the *Zusanli* point (ST36) with twirling of the needle

![](NRR-7-2607-g012)

These experimental findings indicate that heroin cue exposure and acupuncture at the *Zusanli* point with twirling of the needle significantly diminished both the range and extent of brain activation, and suppressed activity in the cingulate gyrus and insular lobe. In contrast, the activations of these brain regions were not significantly different in the control group (Figures [6](#F6){ref-type="fig"}, [7](#F7){ref-type="fig"}).

![Brain activation profile in the control group during heroin cue exposure and acupuncture at the **Zusanli** point (ST36) with twirling of the needle.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, the bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image. The color coding key is presented in the top right area, with the *T* value increasing as the color changes from blue to red.](NRR-7-2607-g013){#F6}

![Brain activation profile in the heroin addicts group during heroin cue exposure and acupuncture at the **Zusanli** point (ST36) with twirling of the needle.\
The upper left section presents a transverse view, the upper right section presents a sagittal view, bottom left section presents a coronal view, and the bottom right section presents a three-dimensional image. The color coding key is presented in the top right area, with the *T* value increasing as the color changes from blue to red.](NRR-7-2607-g014){#F7}

DISCUSSION {#sec1-3}
==========

It has been reported that environmental cues can induce craving\[[@ref3][@ref4][@ref5][@ref6]\]. Craving is an intense desire for and emotional response to addictive drug effects.

It may be triggered by seeing objects or experiencing situations that are associated with drug use, and often result in relapse or reinstatement of drug seeking. Our present study showed that heroin cues activated more and a wider distribution of brain regions in heroin addicts compared with control subjects. These activations in the frontal lobe, precuneus, temporal lobe, parietal lobe, cingulate gyrus, left and right lenticular nucleus, and cerebellum were associated with cue-induced craving. Significant activation of cortex in their frontal lobe suggests increased attention of the addicts to seeking heroin cues and the engagement of working memory\[[@ref7][@ref8][@ref9]\]. The parietal lobe plays a leading role in spatial feature information processing\[[@ref10]\], and the temporal lobe is responsible for some aspects of cognitive functions\[[@ref11][@ref12][@ref13][@ref14]\]. The cingulate gyrus is specifically activated under the emotional state of drug craving, and has a unique role in craving elicited by environmental cues. The cerebellum has a role in emotional mediation and cognitive processes that is of increasing concern\[[@ref15]\], and the precuneus is involved in self-related information processing and self-awareness of cognitive functions. According to the neurophysiological mechanisms of the fMRI signal, when addicts pay more attention to drug cues, increased neural activity in craving-related brain regions will cause increased demand for oxygen and increased blood flow in that area. This is called activation. Our present results confirm that heroin cues can activate craving-related brain regions, which is consistent with previous reports.

The *Zusanli* point can produce *Qi* of *San Jiao* and it is one of the most important points to nourish vigor, regulate qi and blood, and tonify deficiencies. It is especially effective in the treatment of chronic asthenic diseases, such as those of the immune, nervous, and endocrine systems. Recent studies using fMRI have examined the activation of brain regions after acupuncture at the *Zusanli* point\[[@ref16][@ref17][@ref18]\]. Acupuncture at the *Zusanli* point was shown to cause the functional changes in the prefrontal and temporal lobes\[[@ref19]\]. These fMRI results showed that brain blood of the ipsilateral hypothalamus, paraventricular nucleus, and bilateral temporal lobe increased with acupuncture at the *Zusanli* point\[[@ref20]\]. An increasing number of studies\[[@ref21][@ref22][@ref23]\] have found an influence of acupuncture on craving in drug addicts. Acupuncture can control withdrawal symptoms and improve the patient\'s mood, and it may be a potential therapy for addiction and craving\[[@ref24][@ref25][@ref26]\].

In this study, under the condition of heroin cue exposure plus acupuncture at the *Zusanli* point without twirling of the needle, the range of brain activation was not significantly different in either group compared with under heroin cue exposure, whereas the extent of brain activation did differ in the heroin addicts group. This suggests that acupuncture therapy at the *Zusanli* point did not significantly affect brain activation in the control group, but oxygen consumption and brain blood flow in the heroin addicts group were higher. Under the state of heroin cue exposure and acupuncture at the *Zusanli* point plus twirling of the needle, the range and degree of brain region activation were significantly different. Brain regions such as the cingulate gyrus, insular lobe, and thalamus did not show any activation. This is evidence that acupuncture at the *Zusanli* point with twirling of the needle reduced the range of craving-related activation as well as the brain blood flow and neural activity in the activated regions. This evidence collectively suggests that acupuncture at the *Zusanli* point plus twirling of the needle can rapidly suppress craving-related brain activation, and this may contribute to therapeutic mobilization of attentional, cognitive, and affective processing.

This study provides preliminary evidence that acupuncture at the *Zusanli* point plus twirling of the needle can suppress activation in craving-related brain regions, and provides a reliable visualization reference for acupuncture as an intervention for drug addiction and craving. Acupuncture may cause hemodynamic and metabolic changes that interact between multiple functional areas of the brain, and influence the neural activity\[[@ref27]\]. Because the fMRI signal reflects the oxygenation status of the blood, it has certain advantages in the localization of different brain regions. To understand the mechanisms underlying the effects of acupuncture on cue-induced craving, future research should apply cellular, electrophysiology, and molecular biology techniques.

SUBJECTS AND METHODS {#sec1-4}
====================

Design {#sec2-5}
------

A synchronized, non-randomized, and controlled experiment.

Time and setting {#sec2-6}
----------------

Experiments were performed from September 2009 to December 2010 in Digital Imaging Center of the First Affiliated Hospital of Anhui College of Traditional Chinese Medicine, China.

Subjects {#sec2-7}
--------

Functional data were collected in 24 participants. The heroin addicts group was composed of all men, aged 26--47 years. Their heroin consumption was 0.1--1.0 g per day, 0.78 ± 0.35 g on average. Their duration of abuse was 3--214 months, and 97.7 ± 69.2 months on average. The subjects in the control group were all men, and their average age was 35.4 ± 3.6 years.

### Diagnostic criteria for heroin addiction {#sec3-1}

The heroin addicts were diagnosed according to the diagnostic criteria for opioid dependence in the *Diagnostic and Statistical Manual of Mental Disorders* (DSM IV-R) published by the American Psychiatric Association and in the *Chinese Classification and Diagnostic Criteria of Mental Disorders-Revised* (SSMD-III-R)\[[@ref28][@ref29]\]. The diagnostic criteria for opioid dependence included drug use lasting more than 1 month, unusual medication, and visible withdrawal symptoms.

### Inclusive criteria for the heroin addicts group {#sec3-2}

\(1\) Subjects met the diagnostic criteria; (2) Subjects present with a protracted abstinence syndrome, such as varying degrees of sleep disorders, agitation, depression, or pain.

### Exclusive criteria for heroin addicts group {#sec3-3}

\(1\) Subjects with serious life-threatening diseases in the cardiovascular, cerebrovascular, liver, kidney and hematopoietic systems or mental diseases; (2) Subjects with a critical illness, or with visual or auditory disorder; (3) Subjects carrying magnetic ion substances *in vivo*, such as a cardiac pacemaker, artificial valve, or metal foreign body residing in a vital organ; (4) Epilepsy patients; (5) Claustrophobic patients.

### Inclusive criteria for the control group {#sec3-4}

\(1\) Subjects do not meet the above diagnostic criteria; (2) Subjects with no serious life-threatening diseases of the cardiovascular, cerebrovascular, liver, kidney, or hematopoietic system as well as no mental diseases; (3) Subjects with no visual, auditory, or language disorders; (4) Subjects without claustrophobic symptoms.

### Exclusive criteria for control group {#sec3-5}

In addition to the exclusive criteria for heroin addicts group, opioid addicts were excluded.

This study used acupuncture therapy, which has been confirmed to be safe and effective in improving protracted withdrawal symptoms in clinical applications and in research. In accordance with the "Helsinki Declaration" and the Management Guidelines for Clinical Drug Research, informed consent was acquired. Prior to the recruitment of each participant, physicians gave a complete and comprehensive introduction of the study objectives, experimental methods, and possible adverse reactions in written form. In addition, patients were informed that they had the right to withdraw at any time.

According to the *Administrative Regulations of Medical Institutions*, formulated by the State Council of the China\[[@ref30]\], written informed consent was obtained from the participants for their involvement in this study and with their understanding of the detection scheme and risks.

Methods {#sec2-8}
-------

### Cue exposure and acupuncture intervention {#sec3-6}

In the preparation room, the participants changed clothes and were kept relaxed for 30 minutes before scanning. Then, they were required to close their eyes and lie in the scanner. Their ears were blocked with cotton balls and a special soundproof ear mantle. The participants' heads were held rigid to reduce motion. The ambient lighting was turned off to reduce visual stimulation. All sounds except system noises from the equipment were eliminated to minimize disturbances. The participants were asked to keep their whole body, especially their head, stationary and avoid psychological activities as much as possible.

The task included several parts as follows: A resting-state for 1 minute, presentation of heroin cues for 1 minute (*i.e*., seeing heroin in a transparent glass bottle), presentation of the heroin cues plus acupuncture at the bilateral *Zusanli* point for 1 minute, and presentation of the heroin cues plus acupuncture at the *Zusanli* point and twirling of the needle for 1 minute. The heroin was provided by the Anti-Drug Abuse Office, Public Security Ministry of Anhui Province, China. All fMRI scanning was carried out after the task. The above procedures were repeated three times with an interval of 1 minute of rest between each repetition.

Acupuncture at the *Zusanli* point (angle 90°, depth 2.5 cm) was performed by an experienced acupuncturist. Briefly, a disposable and sterile stainless steel filiform acupuncture needle (Suzhou Medical Equipment Co., Ltd., Suzhou, Jiangsu Province, China) was inserted into left and right *Zusanli* points. Two manipulations were used. The first manipulation is called non-twirled acupuncture, and involved inserting the needle into the points to an approximate depth of 2.5 cm without twirling of the acupuncture needle. The other is called twirled acupuncture, which was the same as non-twirled acupuncture, except it involved the reinforcing-reducing method, in which the needle was rotated in the left and right direction at a frequency of 60 times/min.

### Brain fMRI scanning {#sec3-7}

Images were collected using a 1.5T Siemens Symphony scanner (Siemens, Germany) with a standard quadrature head coil (Siemens). A total of 6 sequences were acquired. The scanning timeline was as follows: (1) positioning imaging; (2) T2-weighted imaging to rule out other neurological symptoms; (3) T1 anatomical imaging in the axial plane parallel to the anterior commissure - posterior commissure line, over a total of 36 layers that covered the whole brain, with a field pattern collected to correct for magnetic field inhomogeneities; (4) functional imaging with an echo planar imaging blood oxygenation level dependent (BOLD) sequence in the same locations as the anatomical imaging repetition time (TR) = 4 000 ms, echo time (TE) = 50 ms, flip angle (FA) = 90°, field of view (FOV) = 192 mm × 192 mm, matrix = 64 × 64, resulting in 36-layer whole-brain images with 0.75 mm slice gap per 0.4 second); (5) inversion recovery T1 weighted 3D anatomical scanning (TR = 2 100 mm, TE = 3.93 mm; FA = 13°; FOV = 250 mm × 250 mm; slice thickness/spacing=1.0 mm/0.5 mm; matrix = 256 × 256); (6) spin-echo T1-weighted anatomical imaging (TR = 500 ms, TE = 12 ms; FOV = 230 mm × 230 mm; slice thickness/spacing = 3.0 mm/0.75 mm; matrix = 192 × 144). This full time course of scanning took about 30 minutes.

### Brodmann area {#sec3-8}

Based on the Brodmann area system, the cerebral cortex was divided into several brain regions, represented by numbers. The signal intensity under heroin cue exposure and under resting-state conditions was compared using the T statistic.

X-axis: BOLD image number; Y-axis: head motion (mm) or angle (°); ΔA-P: anterior-posterior movement; ΔR-L: right-left movement; ΔI-S: inferior-superior movement; Yaw: rotation along Y-axis; Pitch: rotation along X-axis; Roll: rotation along Z-axis.

### fMRI data analysis {#sec3-9}

The location of the activated brain regions, by Brodmann area partition, and T values were provided by the Digital Imaging Center of the First Affiliated Hospital of Anhui College of Traditional Chinese Medicine, China. The imaging data were analyzed using Analysis of Functional Neuroimages software (AFNI; <http://afni.nimh.nih.gov/afni/>). The data processing consisted of 4 steps: (1) data format conversion; (2) calculation of individual statistical parametric mapping; (3) analysis of brain activation areas; (4) display threshold correction. The Monte Carlo simulation method was used and a *P* \< 0.05 was defined as the boundary value, to calculate the minimum data cluster size of α \< 0.05. After the threshold was corrected, we analyzed and recorded the locations of the activated areas, using Brodmann partitioning, the signal type, and the location coordinates. These results are presented as brain activation profiles.
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